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Abstract 


Emission of high-current electron beams that has been proposed for some 
Spacelab payloads requires substantial return currents to the Orbiter skin in order 
to neutralize the beam charge. Since the outer skin of the vehicle is covered with 
1300 m^ of thermal insulation which has the dielectric quality of air and an elec- 
trical conductivity that has been Estimated by NASA at 10*^-10“^^ mhos/m, con- 
siderable transient charging and local potential differences are anticipated across 
the insulation. The theory for induced charging of spacecraft due to operation of 
electron guns has only teen developed for spherical metal vehicles and constant 
emission currents, which are not directly applicable to the Orbiter situation. 
Field-aligned collection of electron return current from the ambient ionosphere at 
Orbiter altitudes provides up to ^ 150 niA on the conducting surfaces and ^ 2. 4 A 
oil the dielectric thermal insulation. Local ionization of the neutral atmosphere by 
energetie electron bombai*dmeht or electrical breakdown may provide somewhat 
mof‘e return current. During electron gun operation, differential charging between 
the outer surface of the dielectric Insulator and the internal metal c onductors 
creates large potentials and electric fields across the insulation. Estimates of the 
transient behavior and potential magnitude are obtained by soiving electric circuit 
analogies. For an electron beam charge of 1 ^coulomb (l6 A for 100 msec), the 
potential across the insulator rises to lO^’-lO^’ volts depending on tlie induced 
external ionization, Since electrical breakdown across the insulation occurs at 
50,000 volts, high gun currents may cause arcing through the insulation. 


This research work was sponsored by NASA/GSFC under contract NASH-3 141 5. 
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1. ismoiin TmN. 


El6ttrltal charging of spacefcraft In the Ionosphere and magnetosphere Is a 
consequence of different fluxes of thermal electrbrts ahd Ions striking the surface 
of the vehicle. Normally, a very small equUlbrlum potential Is established over 
the skin of the vehlcU which does hot affect the operation of sensors artd electronic 
instrumentation. However, the Space Shuttle Orblter may acquire appreciable 
charge differentials and local electric fields due to its large airplane shape and 
Its nonconducting outer skin. As the vehicle assumes different attitudes In the 
Course of Its mission, various outer surfaces will be shadowed from particle and/or 
photon bombardment. Owing to alignment of charged -particle trajectories along 
the geomagnetic field and the relatively large difference In electron and ion speeds, 
there are many more regions of the spacecraft surface that are accessible to elec- 
trons than to ions. In addition, the photoemlsslon of electrons from the surface by 
solar ultraviolet will depend on spacecraft attitude, thus, the local current flow 
to the skin of the vehicle will vary widely from point to point, the dielectric skin 
of the vehicle prevents rapid flow of surface current to neutralize the differential 
charging and as a consequence, potential differences and attendant electric fields 
may be anticipated, during normal passive operations of the vehicle, potential 
differences of several Volts are expected between adjacent areas of the vehicle 
where the surface contour changes abruptly (edges of wings, payload bay door 
edges, and around corners). 

Active experiments planned for the Orblter Spacelab include ejection of large 
amounts of electrical charge in the form of electron beams that must be compen- 
sated by a return current to the vehicle, ftelatively slow collection of return elec- 
tron current from the ambient ionosphere prevents rapid neutralization of the 
electron-beam charge. Proposed gun currents of Up to 10 A for lOO msec are 
predicted to cause transient excursions of the vehicle potential that exceed many 
thousands of volts, unless appropriate compensating return current Is available. 
Since operation of an electron gun at kev energies from the AMPS spacelab is a 
vital part of the overall mission objective, it is important to determine the magni- 
tude of the transient potentials and their dynamic characteristics. 

The published literature on ambient charging of spacecraft In the ionosphere 
and magnetosphere Is quite thorough for vehicles with conducting outer skin, only 
a few papers have treated the problem of large- electron current ejection from 
spacecraft, and their applicability to a realistic pulsed mode of operation is open 
to question. The Shuttle orblter presents additional complications due to its non- 
conducting outer skin which can only be discharged by the ambient plasma medium. 
For example, an electron gun pulse will drive the skin potential positive until 
enough return current Is collected to neutralize the overall potential of the vehicle: 
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but by that ttme the nkln will have built up ti negative charge which nlurit be nou- 
trallzed by Ion bombardment, photoemisslon, and conduction leakage to the inter- 
ior .structure. 

The results presented here are based on a preliminary analysis of the ShuttP?- 
Orblter charging problem that is published elsewhere. ^ This earlier work include • 
summaries of the ambleht ionospheric environment at Shuttle-Orblter altitudes, 
the electrical characteristics of the vehicle skin, the disturbed atmospheric envi- 
ronment due to gas leakage from the vehicle, the local potential differences that 
are anticipated during passive operations, and the dynamic potentials that are 
expected during electron-gun operation. Only this latter topic is considered in 
detail here. 


2. i:n\iiu)nmi:nt\L i:ii\itU:Ti:l«sri(:s 

2. 1 VifibiiMil loiiOsphctc 

The Shuttle Orbiter that carries the Spacelab payloads is scheduled to operate 

in a nominal altitude range between 250 and 400 km. The natural environment is 

2-6 

described in great detail in many aeronomy textbooks. At these F-region 
altitudes, the charged constituents consist principally of oxygen ions and electrons 
and the primary neutral constituent is atomic oxygen. Large variations in both 
density and temperature for these constituents are attributed to source and trans- 
port mechanisms that vary diurnally as well as with season and solar cycle. 

As a consequence of the plasma temperature, the spacecraft speed is consider- 
ably greater than the mean thermal speed of the ions but significantly less than the 
mean thermal speed of electrons, which has important consequences for current 
collection by particle flux at the vehicle skin. The gyroradius for ions is a few 
meters, whereas for electrons it is a few centimeters so that plasma motion is 
field -aligned. Due to the geometrical configuration of the vehicle and the variety 
of attitudes it may assume during a mission and its cross -field orbits, many 
areas Will be routinely shadowed from ioh and electron bombardment as well as 
photoh flux. 

The mean free path of the ions, electrons and atoms is orders of magnitude 
greater than the Shuttle-Orblter dimensions so that collisional effect>’ may be 
ignored. However, collective plasma properties significantly influence the flow 
of charge to the vehicle. Electrical conductivity of the plasma is highly anisotropic 
due to the presence of the geomagnetic field. Along the field direction the con- 
ductivity is about 20 mhos/m, but normal to the magnetic field the conductivity is 
several orders of magnitude less^ virtually prohibiting current flow unless the 
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electviK field Is large. Thus, for most vehicle attitudes, there Is very little 
electrical connection thrcugh the (miasma between different f^arts of the vehicle, 

2.2 Suffui'i* 

Less than 5 percent of the outer surface of the Shuttle Orblter and Spacclab 
consists of good metallic conductor. More than 95 percent of the surface Is good 
thermal insulating material consisting of fibrous silicon dioxide tiles, coated felt, 
and adhesives. The composite material has extremely high electrical resistivity, 
between 10’^^"and 10"^^ mhos/m. The dielectric constant of these thermal insula- 
tors is Comparable to that of air, and breakdown potential of the tiles has been 
measured at 50, 000 volts by NASA/JSC, Since the thickness of the sample is 
presumably a few centimeters, the corresponding limiting electric field. at break- 
down is taken as 10^ volts/m. Such fields and potentials would not occur for 
ambient conditions; however, vehicle charging dUrirtg electron gun operation may 
exceed these limits by substantial amounts as w ill be shown. 

There are some metallic exterior surfaces that provide ’’shorted*' electrical 
contact between the interior, metal supperstructure of the Orbiter and the external 
plasma. The largest area is provided by the metal rocket motor nozzles. Other 
substantial su 'face areas are provided by the antenna boom, pallet instruments, 
and the manipulator arm. Since the pallet is graphite epoxy Which is a poor con- 
ductor, there is some question about the electrical contact between these latter 
instrument related conductors and the interior superstructure. However, for 
purposes of the present analysis, all of the external metal surfaces are assumed 
to be in contact w^ith each other and the internal superstructure. 

The electrical properties of the primary eternal surfaces of the Orbiter and 
Spacelab are tabulated in Table 1. The insulation data w^s provided by Mr. John 
Lobb, NASA/JSC, Houston, in private communications. Of special interest for 
scientific researchers is the lack of an effective external ground plane; the Space - 
lab pallet and control room have graphite epoxy exterior surfaces which are not 
conductors. Overall, the metal surfaces amount to about 60 m w^hereas noncon- 
ductor surfaces cover 1300 

The electrical conductivity of the thermal insulation materials is a vital 

parameter for the conclusions in this study and, unfortunately, its value is in 

doubt at this time. The Value lO'^-lO*^® mhos/m quoted in Table 1 is the current 

best NASA /JSC estimate, but no official experimental measurements have been 

made to date. An independent measurement of HftSl tiles has been made by 

Mr. Paul W. Edwa.i'ds at Rockwell International who found a bulk conductivity of 
. -13 

10 mhos/m. Such discrepancies are well within the range of conductivity values 

•7 -l4 

for different types of silica (10 -10 nihos/m) as the manufacturing process. 


TabU I, Ofbltei’/AMPS-Spafcelab Outef Skm Materials 






Electrical Dielectric 

:::ortductlVlty CcnStant 
(mhos/m) (k) 





purity of the material, and environmental conditions (handling and aerosols) all 
affect electrical insulation quality. However, there is a clear need for more 
accurate estimates of the electrical conductivity for the thermal insulation. For 
the present, the NASA values will be used, but effects of different values will be 
noted where appropriate. 

Some external conditions or modes of experimental ojseratlon require con- 
duction through the insulation to establish equilibrium. Under most situations, 
however, the thermal blanket acts as a dielectric capacitor which efficiently stores 
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charge oft its e->tternal surfaet^s. The eajJacitance and rcsifitaiiee of the blanket 
per unit area are and ^h/o, respectively, whore k is the relative dioleclrie 

constant, is the permittivity of free space (8. 85 ppf/m), a is the electrical 
conductivity, and ^h is the blanket thickness. The c-foldlng tlmO constant for 
discharging such ah electrical circuit is According to Table 1, this 

discharge constant is 0. (1)1 - 0. 1 sec for the thermal blanket. The total area, of 
the thermal blanket gives an overall capacitance of 0. 5 pf and an overall resistance 
of 2 V 10^ to 2 \ 10'* ohms Using art average blanket thickness of 2. 5 cm. This 
time constant is a critical paramet jr for estimating discharge rates, particularly 
during electron gun firings. According to the previous discussion, the thermal 
insulation may conceivably yield time constants from lO"^ sec to 10^ sec. The 
low' end would provide welcome relief from charge buildup and its attendant 
hazards whereas the high end raises grave concerns about arcing, and its side 
effects. 

2.-‘l Xohirlo tiiis 

There is Considerable neutral gas released by the Shuttle Orbiter that may 
contaminate its natural environment. A comprehensive study of contamination 
control has recently beCft completed for NASA. Results reported here are based 
on the Conclusions irt this report. Both passive releases from the outer skirt mate- 
rials and cabin atmosphere leakage, and active C^thaUsting from vernier rockets 
and fuel-cells Cause localized enhancert:ertts of the neutral gas around the vehicle. 
Outgassing is the steady release of heavy molecules (M ^ 100) from the rtortmetal- 
lic skin materials exposed to the vacuum environment of space. Offgassing is the 
prompt release of adsorbed volatile species primarily from the nonmetallic mate- 
rials (M ^ IB). Cabin atmosphere leaks from various seals around doors, win- 
dows, and skin joints. There are two flash evaporator vents near the rear of the 
fuselage that periodically c^pell large amounts of water vapor from the fuel cells. 
There are six 25 Ib (nominal) thrust vCrnier control rocket engines that are used 
for vehicle attitude control. Outgassing of the main rocket engine following orbit 
insertion is not treated in the study because the exhaust product is water vapor 
that promptly dissipates. 

Comparison of the ambient oxygen density at Orbiter altitudes With predicted 
offgassing and cabin leakage densities, shows that the Shuttle Orbiter is generating 
its own atrriosphere* The principal source is cabin leakage Which is one or two 
orders of magnitude greater than the natural oxygen density, I,i the first few lioUrs 
offgassing of volatiles is comparable, but after the first day it is a minor contribu- 
tor, The evaporators and vernier engines produce narrow rayed plumes that are 
several orders of magnitude denser than ambient, biit these exhaust plumes move 
radially away from the vehicle arid do not contribute appi'ccijibly to the total density 
adjacent to the skin. 
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.1. inm;Muui.M»lJui;ii nv i i.ixiims i,i \ 

•i. I lii*n<‘rtil l^folilt'iA 

Firing large current pulses of high-onergy electrons aWay from the Spacrlab 
produces a net positive charge on the .Shuttle arbiter that must be neutralized by 
return electron current from the plasma surrounding the vehicle. Several factors 
affect this neutralization process. If natural return currents arc inadequate, large 
positive vehicle potentials would result, and local electric fields might ionize the 
neutral atoms increasing the available return current. The rapid motion of the 
Orbiter relative to the ions produces a positive charge in the spacecraft wake that 
alters the distribution of return current collection. Finally, the dielectric nature 
of the thermal insulation means that the neutralization current docs not efficiently 
return, to the electrical ground of the electron gun; instead, . it causes differential 
charging between insulator outer surfaces and the inner metallic superstructure. 
Evidently, the tertiporal behavior of these processes is critical for determination 
of the magnitude of local charging and electric fields. Clearly, it is important to 
avoid generating potentials that do not allow the beam to escape or that cause elec- 
trical breakdown and significant arcing in the thermal insulation. 

3.2 Mrlal Su(t»lliuvK 

The magnitude of the problem is illustrated by proposed theories for satellite 
potentials induced by large currents of high-energy electrons that have been devel- 
oped for spherical metal vehicles. Unfortunately, the theories are not directly 

applicable to the Shuttle -Orbiter configuration, and the results have not been ade- 
quately tested with rocket experiments. Furthermore, they represent steady-state 
solutions that describe continuous electron emission rather than current pulses. 

"fhe theories assume that the background plasma is entirely natural; there is 
no consideration of satellite sources of gas or additional plasma. Any additional 
ionization of the ambient ionosphere caused by the high electric fields radiating 
from the vehicle is also ignored.. The return current is assunvid to be derived 
from a Maxwellian distribution of electrons. .Since the electrons move much 
faster than the vehicle, the spacecraft is assumed to be stationary and wake 
effects are ignored. The distinguishing difference betitoen these theories is 
attributable to the way in which the geomagnetic field effects are h.indled. 

in the initial analysis, ^ the magnetic forces were ignored. A subsequent 
analysis" rigorously Included the magnetic field cffect.s '>nd obtained much larger 
potentials for a prescribed beam current due to inhibited collection of return cur- 
rent. Finally, ih an effort to bridge the gap between these two re.sults, a large 
turbulent region around the vehicle was postulated'® to increase the collection 
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cross section vifhlle retnlhihg the magnetic constraint, the interesting conclusion 
is that aim sjjhere that emits 0, 5 A continuously is predicted to have a poteritial 
of lO^-lO^^ voltd depending on the influence of the geomagnetic field. The magni- 
tude of the induced potential is relatively independent of the size of the vehicle. If 
such large potentials occur, they ^ould inhibit or destroy bet ms of lO-lOO keV 
electrons* 

KxpohiiirAls 

There have been several rocket experiments which fired electron beams, artd 
the data from these experiments may provide some indication of the vehicle poten- 
tial. However, because the experiments have successfully launched the beams, 
there has been little investigation or analysis of data pertaining to the ultimate 
induced potential of the vehicle. The electron echo experiments^^ fired beams 
upward along the field lines and observed the electromagnetic emissions and elec- 
trons after they had echoed back from the other hemisphere. Electron beams from 

12 

rockets were also fired into the atmosphere to generate artificial auroras. 

Other <*oCket experiments involving beam injections into the ionosphere to study 
excitation processes, have also been successfully performed-by Air Force 
Cambridge Research Laboratories (H, Cohen, private communication). These 
electron guns had nominal power levels of a few kilowatts and Used accelerator 
voltages of 1-40 kV.. Currents of 5-500 mA were fired in short pulses (tens of 
milliseconds) at the rate of several times per second. Thus, these experiments 
are not accurate tests of the foregoing theory, although they do indicate a bound 
on the voltage excursion. Evidently, the electron beams were successfully fired 
away from the rockets, so their potentials must have been limited to something 
less than a kilovolt. The return current colLt'tion area was jUst the metal skin 
of the rocket in most Cases (the auroral rocket partially deployed a large conduct - 
ing *' umbrella'* to enhance its return current), which is about 20 m . Thus, the 
ambient return current of electrons is perhaps 100 mA mcxlmum. This is suffi- 
cient to balance the gun current in most cases so that largo potentials are not 
expected. 


1 1 NUiiii^rirul 

The Shuttle orblter has its own peculiar characteristics that distinguish it 

from the foregoing rocket experiments or satellite theories. First, and foremost, 

2 

is its enormous size which provides a returh current collection area of 1300 m** on 
2 

dielectric and GO m on metallic conductor (this metal surface area is significantly 
nriore than most rockets). The large dielectric a»*ea causes more serious discharg- 
ing problems since the vehicle Is no longer an equipotential as in the all-meitil case. 
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seeotta, the shape of the vOCblter-Spaceiab has many sharp corners and edges that 
produce very high electric fields with only modest potentials. fhOs, local ioniza- 
tion enhancements a.'d corona are to be anticipated. Third, the neutral atmosphere 
around the vehicle is well above ambient so that some cascading <.f electron return 
current is anticipated during electron gun firing. 

When the electron gun is operated, the overall potential of the vehicle is 
driven positive. For "average" conditions at a nominal altitude of 400 km (near 
maximum electron density), it has been shown*' ” that the ionosphere provides a 
field-aligned return current of up to 2. 4 mA/m . The cross section of surface 
area available to collect the current varies with vehicle orientation relative to the 
geomagnetic field. An effective collection area of 1000 m is assumed here 
(500 each. «»'ove and below). Thus, the ambient return current can balance up 
to 2. 4 A of gun current. Unfortunately, the return charge is mostly collected on 
the dielectric thermal insulation and does not directly neutralize the gun potential. 

The electron gun is presumably grounded to the metallic superstructure of the 
vehicle which has an external surface area of only GO m“ or so. Thus, with proper 
orientation to take full advantage of the conductor cross section, the direct return 
current to the gun amounts of 150 mA. It is reasonable to conclude that this level 
of gun current can bfe accommodated without undue charging of the Orblter dielec- 
tric insulation. For gun currents in excess of 15() mA, the electric potential is 
expected to increase significantly, large electric fields are generated, and the 
dielectric is charged up. 

To illustrate some magnitudes, consider a 10 A gun current pulse *or 100 
msec, that is, 1 coulomb of charge. If the return cut-rent is limited to ambient 
ionospheric background levels, it requires 400 msec for the Orbiter skin to acquire 
a neutralizing charge. Most of this charge is collected on the dielectric insulation 
and subsequently leaks to the metallic inneC structure. The time constant, 
for such current leakage is about 50 msec for overall resistance of lO ’ ohms and 
capacitance of 0. 5 yf. However, over the range of conceivable insulator conduc- 
tivities may vary from 250 jisec to 250 sec. .. 

The effect of large vehicle potentials on the surrounding plasma distribution 
is uncertain. Some general phoperties can be surmised, however. If the potential 
exceeds >4 volts, the ion ram curfent is stopped. Since electrons are accelerated 
to the vehicle, there is a net positive charge in the vehicle wake. Its total charge 
is probably comparable to the charge in the gun current pulse. Again, consider a 
10 A gun current for 100 msec. In 100 msec, the Orbiter hns traveled HOO m and 
its wake diameter- is at least comparable to Its dimensions, say 50 m. Thus, the 
volume of the wake charge is at least 1. 5 X lO** m^ and the excess charge density 
is less than 4 X 10**^ ions/m*. At this level the density Is an order of magnitude 
above the ambient plasma density, but coulomb forces and plasma instabilities 
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rapidly dlsiilpat^ the charge as electron return current enters the wake. During 
operation of the electron gun the increase in Orbiter potential is accompanied by 
large electric fields, but their local magnitude over the dielectric is difficult to 
estimate. Over sharply curved regions, however, potentials of lOO volts will 
generate fields of lO^ volts/m around 1 cm radii. Protruding metal surfaces are 
apt to be even more sharply curved. These local areas of high electric fields can 
accelerate ambient electrons and these electrons cause ionization of the neutral 
atmosphere. Although the process is insignificant over much of the vehicle, there 
are locations where the neutral density is high and appreciable electron-ion pair 
production is feasible.. 

IJvS* KhnSric tlirouil 

A comprehensive theoretical model for the overall vehicle-plaSma interaction 
during the electron gun operation has not been developed, llowever, some quantita- 
tive limits cart be deduced from electrical properties of the vehicle skin. .» Since 
the charge on the thermal insulator dielectric does not leak to the inner conductor 
immediately, negative charge builds up on the dielectric and reduces its potential 
relative to the conductor. As the overall vehicle potential returns to the ambient 
plasma level, the dielectric potential actually goes negative for a short while. 
During this interval, ion-rarh current discharges forward areas on the dielectric 
but not the shielded ureas. A qualitative illustration of the potential and charging 
scenario is displayed in Figure 1. Evidently, the vehicle is charge-neutral well 
before the conductor and dielectric are fully discharged by leakage current. 

The equivalent electrical circuit for this process can be solv^ed explicitly to 
get quantitative estimates for potentials and time constants. Initially, the return 
currents to the dielectric and the conductor are assumed constant. This is 
reasonable for modest potentials that do not ionize or otherwise enhance current 
collection. The gun current is also constant during the time interval 
0 < t < t^. The dielectric skin may be approximated as a high resistance in 
parallel with a capacitance. The simple electrical circuit and its current flows 
are shown in FlgUre 2. The effective charge on the capacitor is Q - Q|^ > 0 

where is the charge collected the conductor arid is the charge ort the 
outer skirt of the dielectric. The potential across the capacitance is 

^ • 

The transient behavior of this circuit is described by KlrrhoffVs rules fur ehM tr iral 
networks. The instantaneous leakage current (positive) across the r esistance H 
is determined by the voltage drop around the circuit 
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Figure 2, Equivalent Electriral Circuit for Clrbiter Skin 
Neglecting Plasma H^sistanc^ 


Together^ these equations specify the temporal behavior of Q and ^ across the 
dielectric. 

Subtracting the current equations gives 


dC} 
HT *■ 




Eliminating I. with the voltage equation leads to the elementary differential 
equation 


dQ 

ar 


2Q 


'd - 'c 


Its solution has the form 


and 


« 7 <*D - 'c' - ‘ti' -iir ( ] • ‘‘"p [■-<' - "lu ] 


for t > . 
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where Q (I:q) Is the rnaxlhium charge difference that dccurs at t when the gun 
current tertnlnate.s. During the time interval 0 t ^ the charge Q increaU*;^, 
and afterward It decreases. Discharging continues until the gun charge is 
balanced by the plasma return curtvmt, (I|^ ^ l^.) t j.. 

To tost the original assuniptioft that and are cnnstant, (»«mslder the Ulus 
tratlve case Iq 10 A and 100 msec. If ip 2,4 A and 0, If) A, the 
maxlhium charge is Q(t^) ^0,3 coulombs (assuming nisec). 3'his gives 

a potential drop across the insulation of 

This enormous potential would create electric fields of 24 MV/m across the 
insulation which Is well above the electrical breakdown field for those materials. 

With presently available materials, the origirta. assumption of moderate 
potentials is not valid and the return current is not constant. Since the conduct()r 
is at the higher potential, it Is expected to collect more current and ^ Increases. 
Thus, as an initial estimate, assume is proportional to (j> or 

IC ^ 0/R* 

where R* is a fictitious plasma resistance that simulates the effect of local ioni/a 
tion and enhanced return current. Its value is unknown, but in general H* < R if e 
is to be smaller. Hopefully, the dielectric insulator potential is not too high so 
that Ijj may be assumed to remain constant for convenience. The new circuit is 
shown in Figure 3. 

For these new assumptions, the differential equation for the charge becomes 


dt 


2S. 

“^RC 




■^R'C 




Thus, the same type of solution is obtained with a new time constant 


■^HC “^R’C 


^ft'C \ ‘^RC 


where tt is assumed R' « R. Ror the maximum charge built up 

across the Insulator is reduced to 
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FigUffe 3, Equivalent Electrical Cifcult for 0^bittr Skin 
including Plasma Resistance 


and thfe Corresponding mascimUm potential is 
‘*D • 

The value of R' seems to be the elusive critical parameter for the process. 
There is no simple plasma theory for it.. ..A probable range of values may be 
deduced, however In order to suppress the induced potential, Iq must grow to an 
appreciable fraction of 1 q. It is limited by the condition that the total return 
current cannot exceed the gun current, 

^ -’^G * 

In order for the conducting surfaces to collect most of the return current, their 
potential must be high enough to cause local ionizatloh. This may be achieved with 
voltages of 10^ to 10^ volts to produce electron ionization or electric field.s of 
lO** - lO'^ volts/m to produce breakdown in the local atmosphere. Such potentials 
and associated fields around the Orbiter are probably created by gun current pulses 
of less than 1 A, and, therefore, R' is in the range 10^ - 10*^ ohms. For gun 
currents of 10 A, the conductor potential is probably 10'^ - 10 ’ volts. The 
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rurro spoiulin^ plasma tlmo c onsfant HH‘ for rrai lunM quasi -itoa^ly .fato roii(|jfinn . 
Is fiO psor to T) rnsor, 1 hus, thr* risr limo on tho notontial is r*Mn-fii<*lv .h»ii f 
romparod to typical pulses of 10 ms<M- or more. 


t. tUMIIHON*^ 

(lenerntion of lar^^e spacecraft potentials e\ternallv ami int<*rnallv . ause. 
fleleterious side effects, PtM'hafJs the most olivioiis is that tiie fdectron h<*am fails 
to escape when tlu‘ spnceiMsift potential exc(‘etis the idection accelerati.r potential 
(aroiind 50 kV). Some experimental objectives re(tuire a series td' hurst-, fron» t}ie 
electron ^jfun and the transient dot ay time becomes important. Althoiiah one pul-r 
may not build up lar^o potentials, a lon^ series builds up ( har^e if tliei e i , in- 
adequate time for decay between between pulses. 

Another obvious problem is probable tiiroUKli th<^ i..-ulation if vol»ac,o- 

exceed 50 kV or more. In addititm to min<>i physical damage alone the dischare<‘ 
path, such occurrences ec'nerate broadband electromaenc*tir interferentM*. Another 
important aspect is local geometry such as sharp edges or bends wliich have imu li 
higher local electric fields and are more firone to discharges. Ir some locarions 
repeated (continuous *>) discharges are conceivable. 

In view of the foregoing difficulties, nuyior charging of the Or-biter skin (abi»ve 
iO kV) should be avoided. Operation of higli f!urrent elec tron guns from th pavlnarj 
bay, therefore, requires much better electrical conductivity through the thermal 
insulation or auxiliary sources of return current. Doping the insulation matc-r ials 
with impurities to impi’ove electrical conductivity may be a feasible solution. 

A thin coating of conducting material on the exterior surface of the msulali«m 
would be desirable if it does not appreciably alter its ove?*all thermal response. 

An inipor'ant criterion for any suppression technique is that the return t uri c'Ct 
it provides should more than equal the electron gun current, otherwise the 
dielectric thermal insulation is charged significantly, and the usefulness of the 
collection system is dubious. As an example, an electron return rur rent t.f 1 A 
requires at least 400 m‘^ of collect()r surface in the nominal enviremment. At 
lower or higher altitudes, the return current density is sharply reduced to |)crh qrs 
0. i mA ^m- which requires 10, 000 m- td mlleclor l(> balance 1 A. At snme point 
there ts a physical limit to the si/e of the (Collector tut matter what terhniqiu* is 
deployed, and this places ati upper limit on the gun eurrent that t an be used. 
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